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Abstract 

We study the decay widths of the processes H + — ► W + H° (h°, A ), including the 
Lorentz violating effects and analyze the possible CPT violating asymmetry arising from 
CPT odd coefficients. We observe that these effects are too small to be detected, since 
the corresponding coefficients are highly suppressed at the low energy scale. 
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1 Introduction 



The discovery of charged Higgs boson is an effective signal about the existence of the multi Higgs 
doublet structure which is lying beyond the standard model (SM), such as two Higgs doublet 
model (2HDM), minimal extension of the standard model (MSSM). There is an extensive work 
on the charged Higgs boson and its possible decays in the literature. 

The charged Higgs production has been studied in several theoretical and experimental 
works [TJ EH HI- A search for pair-produced charged Higgs bosons was analyzed with the 
L3 detector at LEP and its mass was obtained as > 76.5 (GeV) [2]. The CDF and DO 

collaborations have studied H + bosons at tevatron, in the case of pp — > tt, with at least one of 
the top quark decaying via t — > H + b and they present the charged Higgs mass lower limits as 
m,H+ > 77 A (GeV ) [3] . In the recent work [4 , a search for pair produced charged Higgs boson 
is performed using the data from the DELPHI detector at LEP II and the existence of this 
particle with mass lower than 76.7 (74.4)GeV in the type I (II) 2HDM is excluded. 

The charged Higgs boson decays received a considerable interest. In E] it was shown 
that the dominate decay modes of the charged Higgs boson were H + —>■ r + u and H + — > tb. 
H + — > tb process in the minimal supersymmetric model (MMSM) has been analyzed in [7j. 
Another process which was a candidate for large branching ratio (BR) is H + — ► W + h° decay 
and it was examined in [Sj. [H] is devoted to the analysis of H + — ► W +, y, H + —>■ W + Z and 
H + — ► W + h° decays in the framework of the effective lagrangian extension of the 2HDM. 
In this work the BRs have been obtained at the order of magnitude of 10~ 5 , 10 _1 and 0(1), 
respectively. H + — > W + h° decay has been studied in MSSM in [TU]. [H] is devoted to the 
analysis of H + — ► H /+ v4° decay in the framework of the 2HDM and, in this work, it was 
concluded that this channel might be dominant one over a wide range of parameter space 
relevant at present and future colliders. The decays of the charged Higgs boson, including the 
radiative modes into decays W +r j and W + Z, has been studied mostly in the framework of the 
2HDM and MSSM in [TJ. 

In the present work, we study the Lorentz and CPT violating effects on the decay width (r) 
of the processes H + — > H° W + (h° W + , A W + ) where H°, h° (A ) are the scalar (pseudo scalar) 
Higgs fields in the model III version of the 2HDM. A Lorentz invariant underlying fundamental 
theory brings new Lorentz and CPT violating interactions in the model III with the possible 
spontaneous breaking mechanism. The extended theories like the string theory [T^j, the non- 
commutative theories [Hj, exist at higher scales where the Lorentz and CPT symmetries are 
broken |^J. The space-time- varying scalar couplings can also lead to Lorentz violating effects 
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described by the SM extensions [F^. The Lorentz violation ensures tiny interactions at the low 
energy level and they are presented in the SM extension in fT7\ fTT?] . 

In the literature there are various studies on the general Lorentz and CPT violating effects 
in the framework of Quantum Electro Dynamics (QED), the noncommutative space time, the 
Wess-Zumino model and on the restriction of the Lorentz violating coefficients coming from 
the experiments Furthermore, some phenomenological works have been done on the 

the Lorentz and CPT violating effects in the SM and the model III extensions [22| and it 
was observed that these tiny effects are far from the detection in the experiments. j2H| is 
devoted to the bounds on the CPT-even asymmetric (symmetric ) coefficients which arise from 
the one-loop contributions to the photon propagator (from the equivalent coefficients in 
the fermion sector), and those from the CPT-odd coefficient which arise from bounds on the 
vacuum expectation value of the Z-boson. 

The present work is devoted to the prediction of Lorentz and CPT violating effects on 
the decay widths of the charged Higgs H + decays into W + boson and scalar (pseudo scalar) 
Higgs bosons, in the model III version of 2HDM. We study the relative behavior of the Lorentz 
violating effects which are carried by tiny CPT even and CPT odd coefficients and estimate the 
possible CPT violating asymmetry arising from CPT odd one. We observe that these additional 
effects are too weak to be detected in the present experiments, since the coefficients driving 
those effects lie in the range which is regulated by the suppression scale taken as the ratio of 
the light one, of the order of the electroweak scale, to the one of the order of the Planck mass 

The paper is organized as follows: In Section 2, we present the theoretical expression of the 
decay width T, for the H + — > H° W + (h° W + , A W + ) decays, with the inclusion of the Lorentz 
and CPT violating effects. Section 3 is devoted to discussion and our conclusions. 

2 The Lorentz and CPT violating effects on charged 
Higgs decays into W + S (S = H°, h°, A ). 

This section is devoted to the Lorentz and CPT violating effects on the T of the charged Higgs 
decays, H + — > H° W + (h° W + , A W + ) where H°, h° (A ) are the scalar, (pseudo scalar) Higgs 
fields in the 2HDM (see |2I] f° r review)). The charged Higgs decays under consideration exist 
in the tree level and the Lorentz violating effects appear with the addition new interactions 
which may come from more fundamental theory in the Planck scale. These tiny effects are 
regulated by the new coefficients, having small numerical values which has the suppression 



2 



scale proportional to the ratio of the mass in the electroweak scale to the one in the Planck 
scale. 

The charged Higgs decays, H + — > H° W + (h° W + , A W + ) are induced by the so called 
kinetic part of the lagrangian and, in the 2HDM, it reads 

Cm 99 s = (D^D^ + iD^D^, (1) 
where </>i j2 are the Higgs scalar doublets in a suitable basis (see [22] for example) 

(2) 



01 =72 

with the vacuum expectation values 



) + V2 X 
v + H° i + I i X ° 



J_ V2H+ 



< <h >= ^ ( ° J ; < fa >= o • (3) 

Here the neutral bosons Hq, Hi and H 2 are defined in terms of the mass eigenstates Hq ,ho 
and A as 

H = (H cosa — h sina) , 
Hi = (h cosa + H sina) , 

H 2 = A , (4) 

where a is the mixing angle and v is proportional to the vacuum expectation value of the 
doublet 0i (eq. (J3J)). In eq. (JTJ) is the covariant derivative, = <9 M + y-r.W^ + ^YB^, 
r is the Pauli spin matrix, Y is the weak hypercharge, {W^) is the U(l)y {SU(2)i triplet) 
gauge field. 

The additional part due to the Lorentz violating effects can be represented by the CPT-even 
and CPT-odd lagrangian ^7] as 

^nZT^Vio = \ W ({DM^D^i + (D^D^ + h.c. 

tml'st^o = W* (4 Dph + dDM + h.c, (5) 

where the coefficients k<p<p (k^w) are dimensionless with symmetric real and antisymmetric 
imaginary parts (has dimension of mass and real antisymmetric) . The CPT odd coefficient k^ 
is a complex number and has dimension of mass. Here W^ v is the field tensor which is defined 
in terms of the gauge field W^, 

= d ti W v -d v W^ig[W^W v \. (6) 



This Lagrangian brings new Lorentz violating corrections driven by the vertices 

(v odd r = \g(K + ki; + ). (7) 

where p (k; q) is the four momentum vector of incoming H + (S = H°, h°, A ; W + ), sina (y even ) fl 
(cosa (y even Y, —i (y even Y) is the CPT-even Lorentz violating vertex and sina V tJ,odd (cosa V^ odd , 
(-%) V^ odd ) is the CPT-odd Lorentz violating vertex for the H + -> H° (h°, A ) W + decay. 

It is well known that the invariant phase-space elements in the presence of Lorentz violation 
are modified ^H]- in the case that there are no Lorentz violating effects, the expression for 
decay width in the H + boson rest frame reads 

rp (2^) 4 , (4 w v d 3 q w d 3 q s 

dT = - 6 { >(p H + - q w - q s ) 



2m H+ yi " ™ J (2tt)3 2E w (2^2 E s 

x \M\ 2 {p H+ ,q w ,q s ) (8) 

with the four momentum vector of H + boson (W + , S) pn+ (qw, qs), an d the matrix element 
M for the process H + — > SW + . With the inclusion of the new Lorentz violating parameters in 
the neutral Higgs sector, the S boson dispersion relation changes and this induces an additional 
part in the phase space element ^ 2 S ^ . 

The variational procedure generates the equation (see eqs. JTJ) and ©) 

_ m 2 _ Re[k ^ d/idu _ 2 Im[k^\ d,)S = 0, (9) 
which leads to the dispersion relation 

0§ (1 + \4T\) ~ m sf + 4 is,)' = . (10) 

Here take the special parametrization where the symmetric part of the coefficient fe'S is pro- 
portional to the identity: 

Kl = ^ u \4r\ + k A 4 ym ^. (ii) 

and, in the following, we assume that k^ is real. Finally the dispersion relation becomes 

q 2 s(i + \k s 4 m \)- m s = ^ (12) 

and the energy eigenvalues are obtained as 



e£ = ± 



ml + (i + \k s 4 m \) q s 2 

^ (i + i*gri) 
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Using the vertices presented eq. (JJJ) and the modified phase space element, the decay width F 
in the if ± boson rest frame, linear in the Lorentz violating parameters, is obtained as 

^s-^>/S(if + rf orV j (is) 



64 7T m? H+ 



where 



m 



LorVio = d~2Re[kl\f! + — k S 4 m f$(l + 



nig m 2 H J, 



A 



(14) 



with 



A / 2 i 2 2 \2 ,< 2 2 

A = (m s + m H+ -m w ) - Am s m H + , 
fx = P (m s + {m 2 H+ - m 2 w ) 2 -2m 2 s {m 2 H+ + m 2 w )^j , 

fi = 13 ( - m% + 3 m s (m 2 H+ + m^) + (m 2 H+ - m 2 w ) 2 (m 2 H+ + ml 

- m 2 s (3m%+ + 2m 2 H+ m 2 w + 3m^)^j (15) 

Here the parameters £ and [3 read £ = sin 2 a (cos 2 a, 1) for S = H° (h°, A ) and (3 = 1 (—1) for 
S = H°, h° (A ). Notice that the additional term s A H+ in the parenthesis, in eq. (|14jl. is due 
to the modified phase factor. 

Eq. (|T4*j) shows that the Lorentz violating effects enter into decay width of charged Higgs 
boson with the CPT even k'^ m and CPT odd coefficients. The latter one is responsible for 
the tiny CPT asymmetry in these decays, namely 

A CPT = ^£ , (16) 

where f the CPT conjugate of the T. 

3 Discussion 

The SM model is invariant under Lorentz and CPT transformations. However, the spontaneous 
Lorentz violation in the Lorentz and CPT invariant more fundamental theory at the Planck 
scale brings new interactions in the lower level where the ordinary SM lies. These additional 
interactions are naturally suppressed and their strengths are proportional to the ratio of the 
light mass at the order of rrif t w,z to the one of the order of the Planck mass. This leads to a 



range 10~ 23 — 10~ 17 j2I] for the coefficients which carry the Lorentz and CPT violating effects. 
Notice that the first (second) number represent the electron mass m e (rriEw ~ 250 GeV) scale. 

In this section, we study the Lorentz and CPT violating effects on the decay widths of the 
charged Higgs H + decays H + — > H°(h°,A°) and predict a possible CPT violating asymmetry 
arising from CPT odd coefficients. The Lorentz violation is regulated by CPT even k^ 71 , k^w 
and CPT odd k^ coefficients and the V of the decays under consideration depends on k^ m and 
kfi which leads to tiny CPT asymmetry. 

Now, for completeness, we start with the analysis of the T(H + — > W + H°(h°, A )) in the 
model III without Lorentz violating effects. 

Fig. [T] (J2J is devoted to the m H + (sina) dependence of the T for H°,h°,A° (H°,h°) 
outputs and for m H o = 200 GeV, m h o = 100 GeV, m A o = 200 GeV, sina = 0.1 {m H + = 
400 GeV, m H o = 200 GeV, m h o = 100 GeV, m A o = 200 GeV). In Fig. □ solid (dashed, small 
dashed) line represents the dependence for H° (h°,A°) output. The F reaches 20 (10) GeV for 
h° (A ) output, for the charged Higgs mass values ~ 400 GeV. This is almost two order larger 
compared to the case where the output scalar is H°. Notice that, here, we consider a weak 
mixing between neutral Higgs bosons and this results in a suppressed T for H° output. Fig. |21 
shows the effect of mixing of neutral Higgs scalars on the Ts of H + — * W + H°(h°) decays. 

The addition of Lorentz violating effects brings small contributions to the T and in the 
following we study the relative behaviors of the new coefficients driving the Lorentz violation. 

In Fig. El we present the coefficient k^ m (i?e[fc9]) dependence of magnitude of the Lorentz vi- 
olating part of the T, T^y, for H°, hP, A outputs and for the fixed values, m#+ = 400 GeV, m#o = 
200 GeV, m h o = 100 GeV, m A o = 200 GeV, sina = 0.1, Re[k%] = 10~ 20 GeV (k^ m = lO" 20 ) . 
Here solid, dashed, small dashed inclined (almost straight) lines represent the dependence of T LV 
to the coefficient k^ m (Re{k®)) for H°,h°,A outputs respectively. The T LV is relatively more 
sensitive to the CPT even coefficient k^ m compared to the CPT odd one Re[k®}. The r lv lies 
in the range 10~ 21 GeV < T < 10~ 17 GeV in the expected region of k^ m , 10" 22 < k^ m < lO" 18 
for h° output. For A output the upper and lower limits of the range for T^y becomes almost 
half of the previous one. These limits are suppressed in the case of H° output due to the weak 
mixing between neutral Higgs bosons. Increasing values of the CPT odd coefficient Re[k°^\ 
causes slightly to decrease the T LV for the fixed values of k^ m . 

Fig. |U © represents the (sina) dependence of the r lv for k^ m = 10" 20 , Re[k®] = 

10- 20 GeV, H°, h°, A (H°, h°) outputs and m H o = 200 GeV, m h o = 100 GeV, m A o = 200 GeV, 
sina = 0.1 {m H + = 400 GeV, m H o = 200 GeV, m h o = 100 GeV, m A o = 200 GeV). In Fig. H © 
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solid, dashed, small dashed (solid, dashed) lines represent the m H + (sin a) dependence of the 
T LV for H°, h°, A (H°, h°) output. The T LV reaches 20 (10) 10~ 20 GeV for h° (A ) output, for 
the charged Higgs mass values ~ 400 GeV. This is almost two order larger compared to the 
case where the output scalar is H°, similar to the case where the SM decay width is considered. 
Fig. El shows the effect of mixing on the Tlv for neutral scalar outputs. 

Finally we analyze the CPT violating asymmetry of the decays studied (see eq. (|16|) ). This 
asymmetry is due to the existence of the CPT odd parameter and it enters into the T as 
Re[k% 

Fig. © shows the Re[k§ dependence of the A CPT for k^ m = 10™ 20 , m H + = 400 GeV, 
rriHO = 200 GeV, m^o = 100 GeV, m^o = 200 GeV, sina = 0.1. Here the Aqpt is the order of 
10 -20 for all three different decays since the part without the Lorentz violating effects in the 
denominator highly suppresses the ratio and the behaviors of i?e[/c°] for different outputs can 
not be distinguished. 

At this stage we would like to summarize our results 

• The Lorentz violation for the decays under consideration is regulated by CPT even £^ m 
and CPT odd k^ coefficients. The latter one is responsible for the tiny CPT asymmetry. 

• The Lorentz violating part of the F is more sensitive to the CPT even coefficient kA m 
compared to the CPT odd one -Re[fc°] and it lies in the range 10~ 21 GeV < T < 10~ 17 GeV 
for Re[k°] = 10- 20 GeV, 10~ 22 < k% m < 10~ 18 in the case of h° output. 

• There exist a tiny Aqpt in the order of 10~ 20 for all three different decays. 

As a final result, the Lorentz violating effects for the charged Higgs decays under consid- 
eration are too small to be detected in the present experiments since they depend on the tiny 
coefficients which arise from a more fundamental theory at the Planck scale. 
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Figure 1: The m#+ dependence of the T for H + — > W + H° (h°, A ) decay, for the fixed values 
rriHO = 200GeV, m^o = 100 GeV, m-A" = 200GeV, sina = 0.1. Here solid (dashed, small 
dashed) line represents the dependence for H° (h°,A°) output. 
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Figure 2: The sina dependence of the T for H + — > W + H° (h°) decay, for the fixed values 
rriH+ = 400 GeV, m H o = 200 GeV, m h o = 100 GeV . Here solid (dashed) line represents the 
dependence for H° (h°) output. 
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Figure 3: The coefficient k^ m (i?e[fcg]) dependence of the T LV for H + S, S = H°, h°, A 

decays for the fixed values m H + = 400 GeV, m H o = 200 GeV, m h o = 100 GeV, m^o = 200 GeV, 
sma = 0.1 and for ite[fcj] = lO" 20 GeV (A;g m = 10" 20 ) . Here solid, dashed, small dashed 
inclined (almost straight) lines represent the dependence of T LV to the coefficient k^ m (Re[k®\) 
for H°,h°, A outputs, respectively. 
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Figure 4: The Higgs mass m#+ dependence of the r lv for H + — > VF 4 " H° (h°, A ) decay, for 
k sym = 10 _ 20j Re ^ = 10 -2 0j and for mH0 = 200 GeV, m h o = 100 GeV, m A o = 200 GeV, 

sina = 0.1. Here solid (dashed, small dashed) line represents the dependence for H°(h°,A°) 
output. 
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Figure 5: The sina dependence of the T LV for H + -> W + H° (h°) decay, for k^ m = 10~ 20 , 
= KT^GeV and for = 400 Gel/, m H o = 200 GeV, m fe0 = 100 GeV. Here solid 

(dashed) line represents the dependence for H° (h°) output. 
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Figure 6: i2e[fcj] dependence of the A CPT for H+ -> decay, for A;g m = 10" 20 , 

m H+ = 400 GW, m H o = 200 GeV, m h o = 100 GeV, m A o = 200 GeV, sina = 0.1. 
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